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Infective disorders are very common in the first month of life and are the principal cause of morbidity and mortality after the first few days. In the first few days after birth obstetrical factors are the chief cause of morbidity and mortality, and infections are uncommon since there has not been time for most of them to cause illness. Infective disorders are more amenable to preventive measures than any other cause of morbidity in the neonatal period,' and the efforts being made to reduce their incidence are yielding very encouraging results, particularly in maternity hospitals and infants' institutions where the risk of contracting infections is so much greater than in the home. Since the unduly high neonatal mortality rate can most easily be reduced by measures which will curtail the incidence of infections in the newborn, a better and more general understanding of the epidemiology and clinical features of such infections is of prime importance.
Immunological Considerations
It was for long believed that the newborn infant has an enhanced resistance to infection. This is a fallacious and dangerous doctrine. The conception probably arose from the fact that the exanthematous infections are uncommon in the first few months of life.
The tissues of the newborn infant, immature and unaccustomed to infection, react to contact with bacteria in a different manner from those of older age groups. There is a lack of specific active immunity and local tissue response is poor. These handicaps are, however, compensated for in the early weeks by inheritance from the mother of specific passive immunity to numerous organisms and the occurrence of a defensive physiological leucocvtosis.
In mammals such as man, with a haemochorial placenta, providing a thin placental barrier, gamma globulin, which carries the antibodies, passes across the placenta from the maternal to the foetal circulation. Most antibodies have the same titre in both individuals and others a lower titre in the' foetal than in the maternal blood. Specific coliform antibodies have a much lower titre in the foetal than in the maternal blood anac, consequently, are absent unless the mother's titre is fairly high. Only about one-third of pregnant women possess pertussis antibodies. The lack of these two forms of specific passive immunity in the majority of the newborn accounts for the prevalence of coliform infections and whooping cough in young infants. In mammals with-a thick placental barrier, and such constitute the majority of species, virtually no antibody-carrying gamma globulin passes across the placenta to the foetal circulation. It is a natural corollary to these anatomical and physiological facts that the colostrum in the anthropoids and other mammals with a thin placental barrier which permits the passage of antibodies, should have a minimal antibody content, and the colostrum of mammals with a thick placental barrier, not permitting the passage *of antibodies, an abundant supply of antibodies. Nature thus ensures, by one means or the other, that all newborn mammals shall have some humoral antibody protection against bacteria to which they had not previously been exposed, and to which they would otherwise be easy prey.
It must be emphasized that the antibodies which the human foetus or newborn animal acquires from the mother confer a passive and therefore a short-lived immunity persisting for only a matter of weeks or, at most, a few months. It should also be reiterated that some antibodies are transmitted only to a small extent, if at all, and consequently afford no worthwhile protection.
Active immunity to the common organisms with which the infant-comes in contact after birth is gradually acquired and immunity to the various epidemic diseases is acquired as a result of clinical or sub-clinical infection at'any time. The development of active immunity is a slow process at any age, but much more so in the first six months-of life at which period the immature reiiculoendothelial system responds poorly to. antigenic stimulation, and produces a low level of lmoral antibodies. This poor response td jan`igenic stimulation can be compensated for to considerable extent when inducing immunity-in the early months by increasing the strength of the antigenic stimulus. For instance, a satisfactory antibody response can be obtained in the first few'months of life by giving larger immunizing doses of vaccine than are necessary at a later age.-
Incidence of the Causes of Neonatal Death
The incidence of the principal causes of neonatal death in a consecutive series of 369 infant deaths which occurred in the Simpson Maternity Hospital, Edinburgh, over the three-year period 1940-42, is shown in Table i . Routine autopsies are done in this hospital and the primary cause of death is assessed in each case in the light of the obstetrical, paediatric and pathological evidence. All the cases in this series were analysed by the author to ensure a uniform standard of analysis. The incidence of death from infection, rather than the total incidence of infection, is stressed here, because the importance of neonatal infection is proportionate to the mortality it causes. Perusal of Fig. i . The low incidence of mortality from infection in the first week and the high incidence of mortality from infection after the first week are strikingly illustrated. After the Hospital in the three-year period I940-42, iS shown in Table 2 . There are three very common infections-conjunctivitis, staphylococcal dermatitis and thrush. Gastroenteritis is less common and the remaining types of infection are uncommon. There is a much higher incidence of infection among premature than among mature infants, because the former are more susceptible to inlfec- The practice of not bathing newborn babies until after discharge from hospital, which is increasing, probably reduces the incidence of staphylococcal skin infections. The face is cleaned if necessary after -birth and the buttocks as indicated, and there is. no, unpleasant aroma such as might, be. expected. The. risk' of contact infection is much reduced, the skin is subjected to much less trauma, the,-infant is less exposed, and.-there is a. great saving of nurses' time.
The importance of immediate isolation of-all infants who develop.a staphylococcal lesion, however small, cannot-be over-emphasized. Moreover, all lesions, 'even the most -trivial, should be assiduously. treated, owing to the ever-present danger, of a much more serious local lesion or of a generalized infection developing.
Therapy will 'depend on the type and severity of the lesion. Any loose skin, as'in bullous impetigo, should. be completely removed and affected areas Epidemiological studies of staphylococcal disease are hampered by the lack of a'satisfactory method of identifying the various strains of 'the organism. The 'method now' most commonly used for detecting pathogenicity is that based on the capacity of pathogenic staphylococci to coagulate plasma. -The term coagulase-positive is, therefore, synonymous with pathogenicity, but this test gives no indication of the degree of pathogenicity. There is no simple method of identifying the most virulent strains, but it is now possible to classify pathogenic staphylococci into a large number of types by means of highly specific staphylococcal phages, and some relation may be found between these types and the degree of pathogenicity. Chapman et al. (I937) It is important to remember that the faeces in many cases are infected and also the skin. The most important sources of infection, however, are those infants with slight superficial infections such as a few small pustules, a ' sticky' eye or' damp' umbilicus. In such circumstances, the organism is multiplying rapidly, is present in greater numbers, is more virulent and p'ossibly increasing in virulence. Benians (iX94) (b) Since masks were worn at all times, and infection spread rapidly in spite of them, direct contact, especially hand contact, must be extremely important.
(c) Frequently handled ward equipment such as feeding bottles were often infected, and much more likely to pass on infection than ward dust, which was surprisingly free from pathogenic strains even during epidemics.
The following are the principal prophylactic measures recommended and successfully adopted by Knott teriological investigation, the conjunctivitis fails to show much improvement in three days-presumably because the infecting organism is a penicillin-resistant bacillus. In both of these circumstances the treatment should be changed to sulphonamide, usually with success.
In mild cases crystalline penicillin should be administered locally by instilling one or two drops into the conjunctival sac before and after each feed. In cases of moderate or severe degree it should be instilled as often as possible, at least hourly in a moderately severe case, and every few minutes in the early stages of treating a severe case. In severe cases systemic penicillin should also be given. The penicillin solution for instillation should contain 2,500 Oxford units per cc. of normal saline in the less severe cases, and I0,000 units per cc. in severe cases, and 20,000 units should be given three-or four-hourly in each feed and four-hourly in a little milk during the night when systemic administration is also considered necessary.
Sulphonamides can be given locally or systemically according to the severity of the condition. Sodium sulphacetamide, io per cent. solution in normal saline, or 2-4 per cent. in ointment, is the form in general use for local treatment, and it should be instilled before and after each feed in mild cases. Sulphacetamide is soluble and non-irritating, whereas most of the other sulphonamides are insoluble and alkaline and are, therefore, unsuitable for local treatment. In more severe cases sulphonamide should be given orally in a form such as sulphamezathine or sulphadiazine in doses of i gr. four-hourly. When the infecting organism is susceptible to sulphonamide therapy, as in gonococcal or pneumococcal conjunctivitis, which are both acute and severe, as a rule, the response to sulphonamide given by the oral route is dramatic and the disease is cured in two to four days.
When the eyelids tend to adhere in conjunctivitis and impede the free drainage of discharge a drop of liquid paraffin instilled into the sac will ensure free drainage. Conjunctival lavage, which was the bulwark of treatment in the pre-chemotherapeutic era, is unnecessary. Chronic Conjunctivitis Recurrent conjunctivitis and unduly' indolent' conjunctivitis which may persist for months in young infants in spite of persistent treatment are common. They are usually caused by poor drainage from the conjunctival sac owing to a congenital stenosis of the naso-lachrymal duct. Ophthalmologists advise conservative treatment in these cases and seldom attempt to dilate the duct, because adequate canalization and drainage will occur within a few months when the tendency to, conjunctivitis will subside. In the meantime the mild conjunctivitis should be minimized by instillation of the solution appropriate to the infecting organism. Dacryocystitis occasionally develops in, such cases; firm pressure over the sac at regular intervals evacuates accumulated muco-pus into the conjunctival sac from which it escapes. Thrush Oral thrush is a common infection in young infants, particularly in maternity hospitals and (Table 2 ), but a better understanding of the disease and increased vigilance reduced it to i.8 per cent. in the period 1944-46. It is caused by the fungus Monilia albicans, a generally distributed organism which occurs in the mouth in about I4 per cent. of the adult population (Todd, I937) . The incubation period is about four days or more. A photomicrograph of a specimen obtained from a thrush lesion in the mouth of an infant in a maternity hospital is shown in Fig. 4 Ludlam and Henderson (1942) found gastric involvement in four. Fig. 5 shows numerous thrush lesions of the oesophagus and stomach in a pathological specimen. Intestinal thrush appears to be rare, though it is likely to be missed ; it may occur in the small intestine, usually the lower ileum (Fig. 6) Oral thrush is usually a mild and somewhat 'indolent' infection and the oral lesions usually do not cover much of the mucous membrane. If untreated, the lesions will cease to spread, in most cases, after reaching such a stage and usually persist for many weeks before gradually subsiding without ever having interfered with the feeding or progress of the infant. Nevertheless, it is dangerous ever to regard thrush as a benign condition, and it is generally so regarded, because it does become a severe and serious disease in a considerable minority of cases. It may then prove fatal, as in 13 of the 20 cases of thrush oesophagitis to which I have referred. Severe oral thrush, with inflammation, ulceration and secondary infection of the buccal mucosa, causes some degree of anorexia and malaise, while oesophageal involvement produces severe anorexia and vomiting and, in fatal cases, aspiration broncho-pneumonia. Thrush oesophagitis cannot be diagnosed with certainty during life and it is not known, therefore, what proportion of the less severe cases recover. Similarly, thrush ileitis and colitis, which cause diarrhoea, can only be diagnosed post mortem, and the death rate cannot be determined. It should be borne in mind, however, that careful inspection of the mouth reveals oral lesions in a high proportion of cases with involvement lower down the alimentary tract.
DIAGNOSIS. Oral thrush must be differentiated from milk curds which are not adherent, white fibrous nodules which are a normal feature in the gums, and the median raphe of the palate, and from furring of the tongue which is uniform, unlike the granular appearance of thrush. Also from a sloughing traumatic ulcer following injury to the palate by a mucous extractor. When in doubt, the diagnosis should be confirmed by scraping off a colony or plaque and teasing it out on a slide in io per cent. potassium hydroxide. Microscopic examination with minimal illumination will show the mycelium and spores and t4e debris will have been dissolved (Fig. 4) pyrexia. Signs of dehydration appear within a day or two in all cases except the mildest, and progress very rapidly in acute cases. The weight falls steeply, except in mild cases. Screaming sometimes occurs, presumably because of colic. Abdominal distension may occur in advanced cases and is a serious sign, and sclerema is a grave development. TREATMENT. Prophylaxis is much the most important aspect of the handling of this disease. Suitable isolation facilities should be available in all maternity hospitals to isolate immediately, as a precautionary measure, all infants who develop -malaise, particularly anorexia, a lagging or falling weight or any looseness of the stools. Most such infants will not have gastroenteritis, but only by prompt precautionary action will epidemics of gastroenteritis in nurseries be prevented. When gastroenteritis is diagnosed in such an isolated baby, all the babies in the nursery from which that baby came should be presumed to be infected, and no further babies admitted to that nursery until all have been discharged or for a period of three weeks.
Therapy consists of the complete withdrawal .of milk feeding for a variable number of days until the appetite returns, and half normal saline containing 5 per cent. glucose is given two-hourly ad lib.; a daily intake of 3 oz. per lb. body weight must be ensured. This fluid is usually taken well and gavage feeding is not often necessary. Sulphasuccidine or sulphaguanidine should always be given from the outset in a dose of 5 gr. per lb. per day. Improvement with a return of appetite -occurs in one to four days when these measures are adopted. Dilute milk feeding with halfstrength breast milk, or a low fat artificial milk, such as sweetened condensed or half-cream dried, is then commenced at alternate feeds and, if well tolerated, the mixture is given at every feed the following day and then gradually strengthened.
In severe cases with much dehydration or toxaemia, intravenous fluid and electrolyte therapy should be inaugurated without delay. Oral saline and glucose should be continued ad lib. in these circumstances as advised, but if there is much vomiting, oral feeding should be completely stopped until vomiting ceases and general improvement occurs. Lack of space forbids a detailed account of current practice in parenteral fluid, electrolyte and maintenance therapy. This can be obtained from paediatric textbooks and articles on the subject by Darrow (I946), Govan and Darrow (1946) , Butler and Talbot (I944) and Henderson (I947).
Penicillin, 20,-000 units four-hourly by mouth, should be given in all cases to minimize the possibility of secondary infection.
Respiratory Tract Infections
Nasopharyngitis is not uncommon. It is most often contracted from a mother who has a ' cold,' but sometimes from one of the staff or a visitor. The chief symptom is nasal obstruction which readily occurs in the narrow passages of the infant. The infant becomes snuffly and feeding is rendered difficult and is subject to repeated interruptions. Immediate isolation is necessary because colds are highly infectious. Failure to do this may cause an epidemic in which some infants will be likely to develop complications, such as otitis media, infection of the lower respiratory tract or bronchopneumonia. Penicillin and sulphonamide should be given in all these complications, but it is even more important to endeavour to avoid these complications by commencing these drugs as soon as the naso-pharyngeal catarrh shows signs of becoming purulent. Nasal' obstruction can often be relieved and feeding assisted by instilling into the nostrils before feeds drops consisting of ephedrine 1 per cent., sodium chloride I. (4) Septicaemia with secondary involvement of the lungs.
The various types, their relative frequency and age incidence, as described by Macgregor, are shown in Table 6 . As a general rule, to which only a few exceptions were found, cases belonging to groups i and 2 occurred in infants who were born dead or lived only three or four days after birth, while those belonging to groups 3 and 4 occurred later, being frequent from the fourth day onward. Two of the most common types are caused by aspiration of foreign matter: one follows the aspiration of liquor amnii and its contents, plus meconium, in severe asphyxia during labour, and the other is produced by the aspiration of milk or vomitus which occurs with ease in infants with a weak cough reflex, particularly premature and feeble infants. It is an interesting fact that. in asyphxial aspiration a sterile chemical pneumonia produced by bile saltsmay be found occasionally in -stillborn infants, before it has been possible for infective pneumonia to develop. There were i i such cases in Macgregor's series (Table 6 Mild infection of the unhealed umbilicus often occurs after separation of the cord, particularly when separation of a thick cord leaves a large raw area. In such circumstances, there is a slight seropurulent discharge and a reactive excrescence of granulation tissue usually develops. The friability of the latter may cause a few drops of blood to contaminate the discharge occasionally in a small proportion of cases. The infection is usually low grade and mixed in these circumstances, but haemolytic streptococci and Staphylococcus aureus *often play a part, and the relatively indolent lesion -tends to persist for a few weeks if untreated. The excrescence seems to be the chief cause of such persistence, for once it is removed complete healing occurs spontaneously in a couple of days. Treatment in the earlier days consists of washing and drying the umbilicus thoroughly twice a day and then dusting it with penicillin powder. When -a polypus is found it should be removed as soon as possible, by torsion with Alliss' forceps if very small, by ligation and strangulation if pedun-,culated and by repeated cauterization with copper sulphate if sessile.
Peritonitis
This uncommon infection is most often a complication of omphalitis, but it may be a manifestation of septicaemia, or 
Meningitis
Neonatal meningitis is not uncommon. The most common cause is B. coli, yet this type is virtually unknown after the first month or two of life. This remarkable phenomenon is no doubt a manifestation of the peculiar immunological characteristics of the newborn. Craig (1936) in his series of 2I cases found B. coli in 14 cases, the infection being mixed in four of them. Next came Staphylococcus aureus with six cases, two being mixed, then Streptococcus viridans with three cases. A pneumococcus, haemolytic streptococcus and an atypical salmonella were each found once. Meningitis is usually part of a generalized septicaemia, but one cannot always determine whether infection arose from haematogenous spread or by direct extension from a local focus. There is a greater tendency for it to occur in infants with local infections, particularly of the nasopharynx and mouth.
The classical signs of meningitis are often absent. Signs of intracranial disturbance arising after the first week of life should always suggest it; ocular signs, increased tension of the fontanelle and mental restlessness are the -most common. Fever may not occur, especially in premature infants, but is usual in advanced cases. Convulsions seems to be no definite sex incidence at this age.
The principal clinical features are high remittent fever, irritability and thirst, while convulsions may occur. Recurrent circulatory collapse, with pallor and a sub-normal temperature, are regarded as very suggestive of this disease in young infants. Examination of the urine, which should be obtained with the aid of a test-tube in a male and by catheter in a female, will confirm the diagnosis. Treatment is along the usual lines. Abundant fluid, with alkalinization of the urine, which may require the administration of as much as one drachm of sodium citrate in the first day or two, and i gr. of sulphamezathine, four-hourly, will soon effect improvement.
The prognosis is very good. When relapse occurs, especially more than once, the possibility of a congenital abnormality of the tract causing stagnation of urine should be considered, and if possible eliminated, since malformations are a common cause of urinary tract infection in infants.
Congenital Syphilis
It is unusual for congenital syphilis to reveal itself in the first month of life. When it does the most common manifestation is snuffles with profuse sanguineo-purulent rhinorrhoea. Skin manifestations may be observed as early as the first few days, particularly scaly exfoliation of the skin of the soles and the appearance of reddish or milky macules which soon develop a bronze tint. Splenomegaly and hepatomegaly can be demonstrated in the more seVere cases, but are usually missed until other manifestations appear. There is a variable degree of anaemia and it is often accompanied by erythroblastaemia.
Mucocutaneous lesions are uncommon in the first month. Roentgenography of the skeleton may show characteristic osteochondritis. It is usually present at birth, but may not be seen for several months. Chondroepiphysitis is the most common lesion, but periostitis is also frequently seen. The general condition of infants with manifest congenital syphilis in the first month is good, as a rule, but it may be indifferent or poor, and occasionally death may occur before any effective treatment can be given.
The placenta in congenital syphilis may not look remarkable on cursory examination, but in severe cases it has a pale pink colour, and an increased thickness and weight. Infarction in the form of multiple small infarcts, which may be missed on superficial examination, are a constant feature, but large infarcts are often found when intra-uterine death occurs. In erythroblastosis with hydrops foetalis or maceration the placenta is much larger and paler than in syphilis. Histologically thickening and clubbing of the villi, and diminished vascularity with obliterating endarteritis and perivascular fibrosis are the principal features. The spirochaeta paliida may not be demonstrable in fresh placental tissue in which it is much more difficult to find than in macerate4
tissue.
The mother's Wassermann and Kahn tests are positive in a high proportion of cases, but may occasionally be negative. The infant's serological tests are unreliable in the first few months beca,use of the immunological peculiarities of the newborn infant which have been discussed elsewhere.
TREATMENT. The introduction of penicillin has revolutionized and simplified treatment. The following is an outline of current therapeutic practice in the Department of Venereal Diseases, Edinburgh Royal Infirmary:
(i) The infant of a mother who has been treated in pregnancy and has a negative Wassermann reaction at parturition is given a course of 300,000 units of penicillin, receiving eight three-hourly injections of 5,000 units per day. Mother and child are examined at three-monthly intervals for the next two years and no failures have yet been encountered.
(2) The infant of a mother who has been treated in pregnancy and has a positive Wassermann reaction at parturition is given a course of i ,000,000 units of penicillin, receiving eight injections of 5,000 units on the first day of treatment, eight injections of io,ooo units on the second day and eight injections of 20,ooo units on the third and subsequent days. A weekly injection of arsenic and bismuth for a period of ten weeks is also given to the infants in this category, as complete cure was not being obtained in all cases treated with penicillin alone.
(3) The infant of a mother who has not received any treatment is given a course of 2,000,000 units of penicillin along the lines detailed above. Also a course of arsenic and bismuth as recommended in category 2.
General Measures to Reduce the Incidence of Neonatal Infections Improved. social and hygienic standards and a strengthening of aseptic technique have steadily reduced the incidence of infection in the newborn, but much more could be done to safeguard infants from the risks of infection in the newborn period.
The following reforms would all contribute towards a further reduction in the incidence of neonatal infection:
(i) Improvement in the general health standard and physique of the people through the attainment of more universally satisfactory economic and social standards, particularly better housing cmnditions and nutrition.
